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Consequently, three NASA centers (Ames-Dryden, Johnson, and Langley) have undertaken a coordinated effort to develop 
improved thermostructural analysis techniques. These improvements will include : 1) methods to automate the more tedious aspects of 
generating lumped-parameter and finite element thermal models; 2) faster solution techniques for large-order matrix equations governing 
nonlinear, transient heat transfer, 3) methods to transfer temperatures from a thermal finite element model to a dissimilar structural finite 



element model; 4) methods of automating the determination of the times at which the critical combinations of thermal and mechanical 
internal loads occur; and 5) improved modeling procedures to reduce model size. This effort will also include the verification of 
procedures through comparison with experimental results obtained from large representative structural components. 



The NASA Technical Officer for this grant is Mr. Leslie Gong, NASA Ames-Dryden Flight Research Facility, Edwards, California. 
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The configuration of the Hypersonic Research Airplane (HRA) concept is shown in figure 2, is a single-place design with horizontal 
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HWTS Loads Environment for Mach 8 Cruise 
(Figure 3) 
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HWTS Loads Environment for Mach 8 Cruise 
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A cord-wise cross section of the inboard center wing bay of the HWTS is shown in this figure. The basic construction consists of 
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Typical HWTS Structure 





Hypersonic Wing Test Structure with Heat Shields Removed 

(Figure 5) 
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A total of 296 thermocouples were installed on the HWTS as shown in figure 7. One hundred thirty-one were located on spars and 
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Measured Bead Temperatures for Lower Structural Panel 

(Figure 8) 
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Thermal Effects of Corrugations 






Design Two Dimensional Finite Difference Thermal Model 
of the HWTS Wing Box 
(Figure 10) 
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Design Two Dimensional Finite Difference Thermal Model 

of HWTS Wing Box 




(10) Lower Heat Shield 
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Comparison of Measured and DESIGN Calculated HWTS 

Fuselage Temperatures 
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NASA Two Dimensional Finite, Difference Thermal Model 



Comparison of Measured and NASA Calculated HWTS 
Fuselage Temperatures 
(Figure 13) 
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Comparison of Measured and NASA Calculated HWTS 

Fuselage Temperatures 
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Three Dimensional SPAR Thermal Model of the HWTS Wing Box 

(Figure 14) 
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Three Dimensional SPAR Thermal Model of HWTS Wing Box 




Heat Shields and Pressure Pan Not Shown 


Comparison of Measured and Calculated HWTS 
Fuselage Temperatures 
(Figure 15) 
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Comparison of Measured and Calculated HWTS 
Fuselage Temperatures 
(Figure 16) 
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Comparison Between Measured and Calculated Structural Panel 
Temperature Distributions 
(Figure 17) 
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Comparison Between Measured and Calculated Structural 

Temperature Distributions 




Calculated Measured 




Comparison Between Measured and Calculated Structural Panel 
Temperature Distributions 
(Figure 18) 
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Spar Web Temperature Response with and without Internal Radiation 

(Figure 19) 
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Spar Web Temperature Response with and without 

Internal Radiation 
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Correlation Thermal Models with Measured Data 
(Figure 20) 
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Correlation of Thermal Models with Measured Data 
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MEASURED TEMPERATURE, °F MEASURED TEMPERATURE, 


Correlation of Thermal Models with Measured Data 
(Figure 21) 
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Correlation of Thermal Models with Measured Data 
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Direction Radiation Property of a Oxidized Nickel-Based Superalloy 

(Figure 22) 
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Directional Radiation Property of a Oxidized 
Nickel-Based Superalloy 
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Effect of Directional Radiation Properties on Web Temperatures 

(Figure 23) 
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Effect of Directional Radiation Properties on Web Temperatures 
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In order to investigate the use of a more sophisticated radiation heat transfer 
model, radiometer measurements of the radiation intensity distribution 
throughout a typical wing box should be made 
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